Abstract
Introduction
Online Communities (or virtual communities) are now a broadly discussed and researched phenomenon ( [14] , [17] , [8] , [23] ). But their role in knowledge management has seldom been discussed outside of corporate online communities of practice, although a myriad of much larger and active communities exist open on the internet. The long history of discussion spaces on the internet and also new developments, such as the tremendous success of the communitycreated encyclopedia Wikipedia reflect the potential of online communities to serve the information needs of its users much like a traditional information product but with a "social" retrieval mechanism. As argued in [15] , online communities provide not only places for socializing and giving social support to their members, but also create and distribute valuable information, and could be seen as information systems in the sense that users may formulate an information need and retrieve information. Hence it must be possible to assess the performance of an online community in terms of information quality. To justify the concept of online communities as information systems, information in online communities and access to it must be at least as good as when using classic information products. Many features of online communities seemingly support this claim: online communities provide a "natural language"-interface to information, there is no need to transform an information need into a formalized query language, thereby loosing details of the information need, or using fixed navigational structures, e.g. indices. The community acts proactively and may provide information the asking person did not think of or deem necessary or failed to formulate in his query. As in an online community the distinction between writers and consumers is blurred, a large number of authors may create content, distributing the work load.
Empirically, we observe the existence of large and heavily used online communities with specific thematic foci, supporting the claim that they do not only serve socializing needs. As an example, the newsgroup "rec.travel.europe", existing since 1994, had 8192 contributors writing 97'289 messages in 2003 1 . Consequently, the quality of information is an important factor when selecting the right online community for information needs, and may determine a community's success. While little research has been published on information quality in large open online communities, Neus [12] notes that in small scale online communities, the issue of information quality is often ignored, or the community is overly controlled and supported by poor tools not designed for social interaction. Few tools (cf. [18] ) or frameworks have been published specifically for the assessment of information quality in online communities on the web.
In this article, we explore the issue of the timeliness dimension in online communities, discuss differences to information products and present empirical data on the up-to-dateness found in an online community for travelers and a guidebook. We chose the domain of independent travel because it is an information intensive activity, with travelers frequently needing to take decisions and thus needing information. These information needs are also very individual and complex, as individual preferences along with the circumstances of the requester need to be accounted for. Stockdale & Borovicka [22] analyze Lonely Planet's online community and conclude that "Visitors to the site can find a wealth of information on a range of travel related topics [...] Lonely Planet realizes several benefits from the community. They have a constant flow of information, albeit unstructured and often effusive, and feedback." However, these findings are merely based on observation by the authors and not backed up with empirical data about community activity and information quality.
Related Work
The notion of information quality has been widely discussed in literature. Several quality attributes, dimensions and frameworks have been proposed. Alter [1] lists relevant quality attributes: types of data, accuracy/precision, age, time horizon, level of summarization, completeness, accessibility, source as well as relevance/value. Senn [21] refers to the attributes of accuracy, form, frequency, breadth, origin, and time horizon. More recent approaches propose frameworks on more abstract levels which specify algebraic relations for different information quality dimensions ( [4] , [19] ). In many studies about information quality, quality attributes are selected based on the researcher's intuition, which allows selecting the criteria relevant to the study's goals [9] . On the other hand, the intuitive approach provides quality attributes for a production perspective, and does not account for the user perspective. Burgess, Fiddian et al. [3] also conclude that information quality is mostly analyzed from an organizational and information producer´s perspective, while the user perspective is neglected. Our concept of information quality is based on the notion that "Information is knowledge in action" [10] , meaning that information exists only in a certain context and with regard to a certain need. Thus, information quality is mainly to be evaluated from the user's point of view.
While the different conceptualizations of information quality found in literature can hardly be integrated into one consistent framework, they also lack in many cases concrete procedures on how to empirically assess the quality attributes in practice [7] . Eppler [5] also notes the lack of tools to support an assessment of information quality. Definitions of quality attributes are often short and open for debate.
Timeliness as quality dimension
Based on the notion of a knowledgeable traveler we have defined four dimensions of information quality relevant to a traveler before and during a journey [20] : Completeness, Structure, Personalization and Timeliness. Completeness refers to the degree to which a medium is able to serve a user's information need, implicitly capturing other criteria as ease of understanding, and serving as an indicator for relevancy (for an empirical evaluation see [16] ). Structure refers to the presentation and structure of information, which may greatly affect efficiency of information access and learning and is therefore closely related to the criteria accessibility and understandability found in literature. Personalization indicates how fitting the information is for a person in her real world context, and how much unnecessary and unsuitable information is returned to her. Finally, timeliness refers to whether information is up-to-date and available to the user in an acceptable timeframe. Timeliness is mentioned in most frameworks on information quality (cf. [5] ), and auditing timeliness of existing information systems is an open research problem and critical for management of information production [2] .
Poor information quality in an online community lessens the community's value and the efficiency of the communication therein. Users may switch to other information sources if the effort does not justify the results, so the user perspective is paramount for information quality in an online community.
Attributes for the timeliness dimension
In this section, we propose attributes for the concept of timeliness from a user perspective and describe how they relate to information products and online communities.
Up-to-dateness refers to the information either retrieved from the forum by an automated search tool or received as answer to a posted question. Up-todateness describes the fit between an object or event in the real world and its description given in the information. Up-to-date information is correct, as information that does not fit the real world is not correct. (As an example, if a phone number of a hotel is given as 0433092, and the hotel really is reached by number 0394442, the information is neither up-to date nor correct). The opposite of up-to-date information is incorrect, obsolete information. Information may also never have been up-to-date, in which case it was already incorrect by the time it was created, e.g. entered into an information system. The age of information in a system is at most an indicator for upto-dateness, as up-to-dateness is dependent on the frequency of changes or creation of new information in a source. The importance of up-to-dateness from a user perspective is influenced by whether the information is needed to complete a task at hand or for learning without immediate usage of that information.
Speed measures how long it takes until information to a posted question is received. Information should be available when it is needed. In the traditional context of information systems, speed can be determined by evaluating the performance of the algorithms and the hardware used, and the transmission speed of the communication means between the IS and user. In an online community, however, speed is less dependent on technical parameters than on the activity of its members. As information is distributed and created in a communication and cooperation process, speed may be described by two measures: the time span until the first reply to a posted question is received and the time span until the last post is received. These measures need to be determined by observation and may only be given as an average. Speed is not concerned with the completeness or suitability of the information received, but with the provision process. Information returned may be useless or incomplete, but this is partly influenced by the competency of the user to formulate a query in both the IS and the online community. In a qualitative observation, speed may additionally be measured by the time span until the first and last information deemed suitable is returned or the time span until the frequency of answers begins to decline, as indicators for the optimum time to wait for information returned by the community.
Note that a non-interactive usage of an online community, e.g. by searching the archive, is similar to conventional usage of information products, e.g. books or IS.
Time-to-publish describes how timely newly observed information is made accessible for possible recipients. As an example, if a reader writes updated or new information for a printed guidebook to a publisher, it may only be visible in the next edition of the guidebook. This is especially important for urgent, time-dependent information needs, e.g. coordination tasks. In an online community, Time-to-publish is also the time span after which answers to input is visible to other users, i.e. the velocity of transmitting a question or an answer to an information request usually equals Time-to-publish. In an IS this time span would usually equal the time for the speed attribute. Accessibility, defined as the "capability of being reached, capable of being seen or used" [5] , may also be considered for the timeliness dimension, but introduces issues much more dependent on the individual user and the content. A user with high competency in information retrieval may retrieve information much faster than a novice. Similarly, good structure of content may reduce search time significantly. In an online community a user does not have to use any restricted query language or mechanism, as he poses questions in natural language. Kahn et al. [9] describe accessibility as: "the extent to which information is available, or easily and quickly retrievable". While no further explanation is given, the extent to which information is quickly retrievable is certainly related to the timeliness dimension. But as it is difficult to measure in itself, we treat it as a set of factors influencing the speed attribute. Of course a guidebook is easy to be taken along, so its accessibility may be higher in this regard. But with the advent of ever more powerful mobile devices, this may change. Figure 1 depicts how our attributes describe timeliness at different stages of an information creation and distribution process and how speed is influenced by accessibility.
To allow for a meaningful interpretation of timeliness measurements, we compare online communities to a standard benchmark. The standard on the market for travel information is the most popular information product for travellers, the printed guidebook.
Timeliness in information creation and distribution
This section will describe timeliness in the processes of information creation and distribution for an information product and an online community. The process of creating an information product -a guidebook in our case -involves a sequence of several phases:
1) Research and writing phase, in which information is collected and condensed in structured text.
2) Printing and deployment phase, in which books are produced and shipped to vendors.
3) Selling and usage phase during which time and consumers may obtain the book until it is no longer available and possibly replaced by a newer edition. Usage of a particular edition, of course, continues long after it has been out of print. As the research and writing phase is carried out by a limited number of people, it spans over a non-negligible period of time, meaning that some information collected in the beginning may already be outdated towards the end of the phase. Printing and deployment may take several months.
To cope with the tremendous amount of information, some information may be poorly researched or taken from previous editions without sufficient checking. Typing, translation or communication errors may occur during creation of a manuscript. Hence, even when deployed, a guidebook contains information that is outdated or was incorrect in the first place. Afterwards, the guidebook's up-todateness is subject to continuous degradation. As the information product grows older, more and more information is outdated and thus wrong. Of course, the volatility of information units varies, e.g. historical, geographical or cultural information has a longer lifespan than accommodation or transportation information. The publisher may produce a new edition, and the cycle begins anew. Up-to-dateness is dependent on the time span between updates and the frequency of changes to the information contained in the guidebook in the real world. The obvious solutions would be to a) shorten the lifetime of editions to improve upto-dateness, but this would cut down on revenue per edition (assuming sales would not increase significantly), or publishers would need to justify a higher price. Because of limited resources, a reduced time span may be insufficient for thorough research, lowering information quality. b) include only information that changes with a frequency suited for the production cycle, leaving out more volatile information.
In an online community, information is usually immediately available through the system after it has been written; creation and deployment do not delay the usage phase noticeably. Information may be added, commented or changed directly dependent on the technology. Outdated information may thus be updated and corrected at any time, as there are no discrete editions. Content creation in communities is decentralized to an unlimited number of authors, as there is no separation between readers and writers. So the gap between real-world observation and writing (and publishing) may be much shorter than with books. An unlimited number of contributors may participate. While the author of a printed guidebook has to report his findings back to the editorial office where his information undergoes further refinement, a traveler on a journey can immediately update information of the community in any internet café and, thus, make it available to all community members.
Consequently, online communities are capable of mediating short-lived information that is too volatile to be distributed via information products; examples include weather conditions or local events where time between observation and obsolescence is short. On the other hand the externalized information in a community system is not updated in a formalized process, such as editions for a book. There are no guidelines for quality. Thus information units may differ substantially in up-to-dateness. While authors of Proceedings of the 40th Hawaii International Conference on System Sciences -2007 a guidebook receive monetary compensation and thus may have an obligation to provide a certain comprehensiveness and quality content, money does not lead to intrinsic motivation for knowledge based work ( [6] , [13] ).
Another major difference is that online communities offer an additional retrieval mechanism: besides using information units already available in the community archives, a user may ask for information in a board. Other community members may then answer his request. The time span between request and answer is determined by the activity of the community, i.e. how many users read requests and discussions and then write answers in a given time span. However, this time span does not necessarily indicate the up-to-dateness of the information, as the person writing the answer may have acquired this information long ago, for example on a trip he once made, without the ability to recheck if it is still correct.
As a community does not release information at defined intervals, its up-to-dateness is not influenced by publishing intervals, but depends on the activity of its members and its motivation and ability to keep the content up-to-date. Information is only partially stored in databases, as the externalized information visible in the system represents only part of the knowledge the online community has through its members. Information is added to the system on request, e.g. following a question in a discussion board or as a reaction to the discovery of incomplete or erroneous information in a wiki. Hence, it is not only the influence of the (technical) delivery mechanism influencing but also the speed of the creation process that determines overall speed. Lonely Planet uses a drastic way of keeping its discussion forum's up-todateness high: we found that most posts are deleted after a few weeks. Table 1 summarizes the differences between the guidebook and the online community. It is interesting to see that while Time-to-publish in online communities is negligibly low, it is not in guidebooks, while it is the opposite for the speed attribute. In a guidebook, information that is available is usually found quickly, influenced by accessibility features like structure. In an online community, it depends on the activity profile, i.e. how many users read and write and how often they visit the online community and how quickly they react. Accessibility has a bundle of factors influencing timeliness attributes. In an online community, natural language, proactivity and feedback are the main factors, while the guidebook can easily be taken along by the traveler and has a proven structure allowing for quick access to elements included in the structure. The structure may even be improved by manipulating the guidebook, e.g. tearing out or annotating pages. 
Hypothesis
The rest of this article will focus on assessing up-todateness in an information product and an online community. Up-to-dateness is a central attribute with a high influence on the overall value for the information user; information with a low up-to-dateness may be considered useless in spite of being high in other attributes. While assessment of speed is relatively easy to measure and can be automated in computer mediated communication systems, assessment of upto-dateness requires a complex design. We are not aware of any other studies of up-to-dateness in online communities.
Our research interest lies in the question whether a non-commercial, non-centrally organized organisation like an online community may be capable of producing
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information which is satisfying in terms of up-todateness. We define satisfying here as the capability to match a professionally produced guidebook. We were also interested in developing and testing a method for empirical assessment of up-to-dateness in both media. As discussed above, both media feature characteristics that should contribute to up-to-dateness. In a summative analysis we will test which combination of characteristics leads to a better up-to-dateness. We will not be able to explain the effects of single characteristics on the overall result.
We assume that the long publication cycles of the guidebook versus the much shorter time-to-publish of the online community favour the community and will outweigh the more professionally organized process of the guidebook publisher. Hence, our hypothesis is that Online tourism communities have a higher up-todateness than printed travelguides. The next chapter presents an empirical analysis of this hypothesis.
Methodology and Data collection 4.1. Data Set
To systematically compare the timeliness of printed guidebooks with the timeliness of online communities we assessed the up-to-dateness of information in each medium. As guidebook we chose a "Lonely Planet" guide which is widely used by independent travellers. For the online community we chose World66 2 which is a wiki community containing 79,923 articles on 21,862 travel destinations (according to World66).
As region for our evaluation we chose one of the most popular travel countries, namely Italy. We used the "Lonely Planet Italy" in its 6 th edition (2004) . For the evaluation of up-to-dateness we followed a two-step process. In a first step we collected an exploratory sample to gain insights into the character and the number of up-to-dateness relevant attributes of information items. This data sample consisted of a total of 328 objects with 164 objects chosen from the Lonely Planet Guide and 164 objects chosen from World66.
To gain a sample of objects we conducted interviews with travelers to generate a taxonomy with categories relevant for travelers. These categories included 1) General Information, 2) Administrative Information (e.g., Visa information), 3) Medical Information, 4) Accommodation and Gastronomy 5) Public Transport 6) Sightseeing and Entertainment 7) Leisure time, sports and shopping and 8) Education. These categories were used as reference to identify travel-relevant information items from the printed guidebook as well as from the wiki. Within each of these categories objects were drawn in a randomized manner from the two media, but we assured that we covered big cities and touristic locations throughout Italy.
Each object was linked to a number of different attributes which were assessable with reference to upto-dateness (e.g. opening hours, e-Mail addresses, fax numbers, phone numbers etc.). The analysis yielded a total of 10 different attributes such as these.
Since the number of objects as well as the number of attributes were distributed unevenly across our categories we decided to draw a more controlled subsample in a second step. For this sample, we selected the three attributes for which a sufficiently big data set was available to assure a fair evaluation of both media and which allowed us to use sound statistical methods. This sample was confined to the attributes "address", "phone number" and "price".
Since the up-to-dateness of different attributes of the same object could be related to another (e.g. a restaurant moving to a new address may also change its phone number), we only assessed one attribute per object to ensure independent data values. This resulted in 40 objects for each of the three attributes (address, telephone number and price) as well as for each medium (printed guidebook and online community) resulting in a total of 240 evaluated objects. The decision which items of the original data set were to be selected for this more controlled data set was made by a random number generator to avoid a bias.
To rule out that our sub-sample favoured either the printed guidebook or the wiki in any way we calculated statistical inference tests for both our original sample as well as for our sub-sample.
Method
To evaluate the up-to-dateness we selected an object from either the Lonely Planet Guide or from the online community and assessed whether this information was still up-to-date (e.g. the phone number of the Peggy Guggenheim Museum in Venice).
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Information was verified by communication with the institution in question using phone calls or e-mail correspondence, or by checking on official websites. Some information was checked personally on the respective location and local travelguides were asked to check some of the elements. After a comparison of the information in the medium and the researched information, each object was categorized as either upto-date or not up-to-date.
Results
While the categories served as a tool to identify travel-relevant information items the number of retrievable items for the different categories as well as for the two media differed decisively. Thus, a sound comparison of up-to-dateness rates across these categories were hardly possible. The comparison of timeliness across categories was not in the scope of this paper and requires further research. Table 2 shows the up-to-dateness rates for the two media across the eight categories as well as the number of retrieved attributes. Since the number of retrievable objects as well as the number of total attributes varied across categories we decided to run a more controlled study with a subsample containing only three attributes with sufficient frequency for a statistical comparison. Figure 2 shows the percentage of items which were up-to-date for the three attributes "address", "phone number" and "price" as well as for the two media "printed guidebook" and "wiki community". For the Lonely Planet guidebook the percentage of correct addresses amounts to .92, the percentage of correct phone number to .75 and the percentage of correct prices amounts to .22. For the wiki community the percentage of correct addresses amounts to .90, the percentage of correct phone numbers amounts to .80 and the percentage of correct prices amounts to .25. A clear difference can be seen between the two attributes "address" and "phone number" and the attribute "price". We assume that this relates to the fact that prices usually change much more often than addresses and phone numbers, resulting in lower up-to-dateness values. For the two media, however, the frequencies are very similar. There is a slight descriptive advantage of the online community for the attributes "phone number" and "price" and a slight advantage of the printed guidebook for the attribute "address". In accordance with [11] we conducted a 3x2 analysis of variance with the two factors "attribute" (address, phone number, price) and "medium" (Lonely Planet, World66). The factor "medium" did not turn out to be significant (p=.738) whereas the factor "attribute" turned out to be highly significant (p<.001). The interaction also failed to reach significance (p=.822). Table 3 shows the result of this analysis.
To rule out any possibility that the main results were distorted by the fact that we did not calculate upto-dateness values over our entire original data set, we also did an overall analysis of the original set which did not have an even number of attributes or objects for the two media. 66.76% of the objects from Lonely Planet were up-to-date (N=349) compared to 70.81% of the objects from World66 (N=322). An independent sample t-test did not result to be significant with t(669)= -1.128. Thus, we can conclude that a systematic difference between the media cannot be found for the controlled sub-sample nor for our original data set. Hence, we have to reject our hypothesis that the online tourism community has a higher up-to-dateness than the printed travelguide. However, our data strongly indicates that the online communities are at least on the same level of up-to-dateness. To gain insight on the validity of this assumption we calculated the test power of our ANOVA factor "Medium". The power amounts to (df = 1, = .05) = 26, 67 for an effect of 2 =.1. This results in the probability of committing a Type II error of <.01. Hence, the probability for the online community having a lower up-to-dateness compared to the guidebook is exceedingly low.
Interpretation
Our analysis shows that the printed guidebook and the online community can be claimed to have the same level of up-to-dateness. This result holds for the overall calculation of the up-to-dateness values as well as for each of the three attributes "address", "phone number" and "price". Whereas addresses and phone numbers can be considered reasonably up-to-date (75% or more) the values are dropping considerably for the attribute "price" (25% or less) in both media. This aspect is of interest because it might prove fruitful to systematically investigate attributes of different volatility. Even though our analysis did not yield this result an evaluation with more attributes might show interesting differences. Online communities might be more suited for fast changing attributes or coordination activities of travelers, whereas for more stable attributes the printed guidebook could be as good as an online community.
Thus, the observed non-profit self-organizing online community can keep up in terms of up-todateness with a centralized professional content provider like a commercial travel guidebook. This similarity could stem from growing similarity in the information creation process: guidebook publishers increasingly tend to gather information from their clients, collecting feedback via email or hosting online communities with large discussion boards (cf. Lonely Planet's Thorn Tree). As we analyzed just one instance of each medium for one country, further research is needed for generalization of results and to gain an understanding of timeliness. We are currently conducting a study of up-to-dateness in several online communities and guidebooks for different countries.
Conclusion
We have presented a design for empirically assessing timeliness from a user perspective in online communities and information products and applied it to compare a printed guidebook and an online community in terms of up-to-dateness. In this setting we found that information from the online tourism communities was as up-to-date as the printed guidebook.
While previous approaches to assessing up-todateness have often concentrated on measures which could be assessed within an information system, like the data in a master compared to the data in a slave or the data in a cache compared to the data in the source (cf. [2] ), we evaluated up-to-dateness by comparing the information in a system (or book) with the real world source from which the data was extracted.
The second interesting conclusion from this study is that information in a commercial professional information product is more outdated than one may expect. This might suggest that a habitual trust in organizational and institutional structures may not be justified.
This study leads to many questions for further research: What are the factors inhibiting higher up-todateness in online communities? A deeper understanding of the influence of community activity may help to determine if there is an inherent limit for up-to-dateness, possibly due to technological deficiencies or social processes. This may lead to Proceedings of the 40th Hawaii International Conference on System Sciences -2007 improvements for community support tools. As we have only analysed one online community, our findings need to be confirmed for other online communities. We strongly believe that the low Timeto-publish and the spread of mobile internet devices will lead to other improvements in social information systems and new usage patterns for online communities, e.g. regarding ad-hoc information needs and coordination tasks.
We see a need for further assessments of information quality from a user perspective, as many existing frameworks are based on a production perspective. As few studies on timeliness of information products and services have been published, there is still little understanding of what aspects of timeliness are relevant and how timeliness may be improved. We also observe a lack of studies on customers' perception of outdated information in terms of how many problems are caused by lower information quality.
